Background Hip resurfacing arthroplasty (HRA) could be associated with an increased risk of deep vein thrombosis (DVT) compared to traditional noncemented THA because it involves greater dissection, increased kinking and distortion of the femoral vessels, takes longer to perform, and involves insertion of some cement into the femur. Questions/purposes Does HRA lead to greater risk of thromboembolism compared with noncemented THA? Methods We prospectively studied 20 patients receiving HRA and 20 receiving THA. All patients were younger than 67 years old and were similar in height, weight, American Society of Anesthesiologists status, and gender mix. Patients undergoing HRA were younger (mean, 50 versus 59 years), their surgery was longer (mean, 87 versus 65 minutes), and they required more crystalloid during surgery (mean, 2160 versus 1662 mL). Radial artery blood samples were taken at six events during surgery and assayed for prothrombin fragment F1 + 2 and thrombinantithrombin III complex (TAT) using enzyme-linked immunosorbent assays. Results We observed no differences in the intraoperative increases in F1 + 2 and TAT between the two groups and no differences in surgical events. Conclusion Based on these data, HRA and THA should have similar risk of thromboembolism as THA based on the parameters we measured. Level of Evidence Level I, diagnostic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
Fatal pulmonary embolism (PE) is one of the most frequent causes of mortality after THA, occurring in 0.1% to 0.5% of patients [22] . Improved understanding of the pathogenesis of venous thromboembolism during THA has identified certain intraoperative factors as being vitally important; particularly, the duration and severity of femoral venous occlusion during surgery and the importance of reaming and cement fixation of the stem [19, 20, 22, 23] . These processes have been studied using transesophageal echocardiography [19] , perioperative venography [21, 22] , and by measuring markers of thrombin generation [8, 23] . The ultimate importance of these observations has led to the development of the multimodal approach to thromboprophylaxis, which is associated with lower all-cause mortality (from 0.2% to 0.4%) rather than relying on powerful anticoagulation [12, 26] .
Hip resurfacing arthroplasty (HRA) has reemerged as an alternative to THA in younger, active patients [7] . It involves extensive surgical exposure and prolonged periods of potential femoral venous occlusion [20, 22] , which could result in a greater risk of thrombogenesis than in a traditional THA. On the other hand, there is minimal reaming of the femoral canal, which may reduce the thrombogenic risk.
In this preliminary study, we measured the degree of activation of thrombogenesis during HRA by measuring markers of thrombin generation and comparing them with a similar cohort undergoing noncemented traditional THA.
Patients and Materials
After Institutional Review Board approval, we recruited 20 patients undergoing HRA and 20 undergoing THA from October 2007 to April 2008. During this period, the two surgeons performed 194 HRAs and 275 THAs. We considered patients 19 to 80 years of age with end-stage hip arthritis resulting from avascular necrosis or osteoarthritis. Patients were excluded if they had inflammatory arthritis, required cemented femoral component during THA, or had been on anticoagulation therapy before surgery. Patients were recruited when the single anesthesiologist (NES) was working with the specific surgeons. The sample size was calculated using previously published data for THA, wherein fibrinopeptide A (FpA) increased from 5 ng/mL (± 1.9 ng/mL) to 16.4 ng/mL (± 3 ng/mL) [23] . To detect a 25% difference in the elevation of FpA between HRA and THA (which we considered biologically significant), assuming an alpha of 0.5 and beta of 0.2, 20 patients would be required in each group. All patients gave informed consent to participate in the study.
Patients were of similar height, weight, gender, and American Society of Anesthesiologists status (Table 1) . There was an age and gender difference between groups; patients undergoing HRA were younger and more likely to be men.
All patients had a radial artery catheter (20-gauge) inserted percutaneously under 2% lidocaine. A total of six blood samples were taken from each patient at specific points during surgery: (1) before incision; (2) after femoral head osteotomy (for THA) or femoral neck measurement (for HRA); (3) after insertion of the cup; (4) after femoral reaming (THA) or after resurfacing (HRA); (5) after hip relocation; and (6) wound closure.
Anesthesia was performed by one anesthesiologist (NES) using a standardized protocol involving hypotensive epidural anesthesia [27] . Radial artery and central venous catheters are routinely inserted. All patients received hypotensive epidural anesthesia with propofol for sedation and a 50/50 mixture of 2% lidocaine and 0.75% bupivacaine for epidural anesthesia. Intravenous low-dose epinephrine infusion and lactated Ringer's solution were used to maintain a stable heart rate and central venous pressure. Mean arterial pressure was maintained at 40 to 55 mmHg throughout surgery. Heart rate typically declines 10% below baseline and central venous pressure is maintained at 1 cm to 3 cm H 2 O throughout surgery. Blood was not transfused during surgery and intraoperative heparin was not used in any case.
All HRAs were performed by a single surgeon (EPS), whereas THAs were performed by one of two surgeons (EPS or TPS). We used a posterolateral approach with an 8-cm to 10-cm incision in patients undergoing conventional THA. The posterior capsule and external rotators were incised and subsequently repaired through drill holes into the greater trochanter. Hemispheric reamers were used to prepare the acetabulum. A monoblock acetabular component was used in all cases and noncemented, hydroxyapatite-coated, titanium femoral components were used in 18 of the 20 patients (90%). Preparation of the femoral canal involved reaming and broaching to create a press fit ( Fig. 1A) .
A posterolateral approach was also used for HRA with a larger incision of approximately 10 to 20 cm. After dislocation of the hip, we took measurements of the femoral head and neck to ascertain the sizing of the femoral implant. The acetabulum was then exposed and prepared using hemispheric reamers. After implantation of the acetabular component, the femoral head and neck were exposed by flexing, internally rotating, and adducting the limb (Fig. 1B) . HRA took longer to perform (mean, 87 versus 65 minutes) and these patients received more intraoperative fluid ( Table 1) .
All patients received pneumatic compression, early ambulation, and 325 mg aspirin twice a day for 4 to 6 weeks after surgery as part of the routine, multimodal thromboprophylaxis used at our institution [15, 22] .
Arterial blood samples were drawn into citrated Vacu-tainer1 tubes (BD Diagnostics, Franklin Lakes, NJ), immediately placed on ice, and centrifuged at 2000 g for 10 minutes at 48C. Plasma was stored in À708C until it was ready to be analyzed. Samples were subsequently assayed using the Dade Behring Enzygnost1 (Siemens Healthcare Diagnostics, Inc, Deerfield, IL) prothrombin fragment F1 + 2 and TAT enzyme-linked immunosorbent assays by researchers who were blinded to the type of surgery that was performed.
Differences in F1 + 2 and TAT between groups were analyzed by t-test at each data point. Regression analysis was used to assess the effect of age on peak F1 + 2 and TAT values. The effect of gender on peak levels was assessed using unpaired t-test (StatView1; SAS Institute Inc, Cary, NC).
Results
There were no differences in the arterial plasma levels of F1 + 2 or TAT over the duration of the surgery (Fig. 2 ) nor during the different events of the surgery (Fig. 3) . Age or gender did not affect the peak levels of F1 + 2 or TAT at any time point.
Discussion
As a result of the longer surgical time, potential for greater femoral vessel occlusion, and insertion of cement, it is theorized that HRA may result in a greater risk for thrombogenesis when compared with THA. However, the patient population for HRA is typically younger than the population for THA, so it is difficult to compare the incidence of thromboembolism between the two groups. The use of biochemical markers of the clotting cascade has proven useful in prior studies to ascertain the risk of thromboembolism in THA [23, 24] . Therefore, we compared the degree of activation of thrombogenesis between HRA and noncemented traditional THA.
Our study is subject to several limitations. First, we did not determine either mortality or numbers of patients with PE or deep vein thrombosis (DVT). The ultimate studies assess a 3-month risk of symptomatic PE and all-cause mortality, but this requires large cohorts to define risk [26, 28] . Perioperative DVT can be detected with venography or ultrasonography, but larger numbers are needed (in the hundreds) and the cost is substantial. Intraoperative thrombogenesis has also been assessed using transesophageal echocardiography [19] and by quantifying the embolic load during surgery [4, 18] . This requires an intubated patient and cannot be used with epidural anesthesia. Second, thrombogenesis can be assessed by a number of markers of thrombin generation [8, 23, 24] . By using markers of thrombosis, fewer patients are required and an understanding of the timing of the onset of thrombogenesis can be defined. Third, although these markers of thrombosis have been useful in defining the timing and degree of activation of thrombosis, preoperative levels of these markers have not proven useful to predict DVT or PE [16] . Furthermore, there have been no studies demonstrating any relationship between the increase in these markers and the ultimate development of DVT or PE. Thus, although these markers assess activation of thrombosis, they do not necessarily relate to a risk of DVT or PE after surgery. Activation of thrombin generation during HRA is similar to THA, suggesting the thrombogenic risk is similar for both procedures. Therefore, HRA should be considered at risk for thromboembolism and treated using similar guidelines to other patients undergoing THA. Despite the reemergence of HRA, there are little objective data on the risk of DVT or PE after this procedure. The Birmingham Group reported on their experience by assessing bilateral Doppler ultrasound after surgery and followup with patients for evidence of PE or DVT. They found a low rate of DVT (10.2%) with HRA and a rate of 4.6% if pneumatic compression was also used [9] . These rates are similar to another publication using multimodal thromboprophylaxis [26] . There are no other large series assessing clinical outcome for PE, venography, or markers of thrombosis.
There are a number of ways to approach the thrombogenic risks of surgery. Prothrombin F1 + 2 is the cleavage product formed when prothrombin is converted to thrombin. Thrombin acts on fibrinogen to form fibrin that crosslinks to form clots. Thrombin is subsequently inactivated to form TAT III complexes. define the timing of thrombogenesis during surgery and quantify the degree of activation [1, 8, 23, 24] . During THA, thrombin generation peaks during surgery on the femur and declines after surgery [8, 23] . Insertion of a cemented femoral component results in greater thrombin generation than a noncemented femoral prosthesis [23] . In TKA, thrombin generation increases during surgery [10, 25] and appears to be greater when surgery is performed using a tourniquet [13, 14] , although others found no difference [1] . Blood levels of F1 + 2 and TAT have been used to assess the relative risk of developing DVT. Several studies report that patients who develop DVT (using ultrasound or venography) have elevated F1 + 2 or TAT [5, 6, 11] . However, these tests are not sufficiently specific to be clinically useful [5, 16] . Values of F1 + 2 and TAT have been used to assess the clinical response to anticoagulation [3, 17, 24] . Increases in F1 + 2 and TAT have been noted 4 to 6 weeks after surgery, which provides the rationale for extending anticoagulation therapy well into the postoperative period [2, 3] . It is interesting that clinically used doses of anticoagulants do not normalize levels of F1 + 2 and TAT after surgery [2, 3] .
Although this is a preliminary study, it suggests the risk of developing thromboembolism after HRA is the same as other forms of THA. This information is useful because, when compared with THA, HRA involves a larger incision, longer surgical time, more potential occlusion of the femoral vessels, and insertion of cement. It is possible that the avoidance of femoral canal preparation with HRA might compensate for these risks, resulting in a thrombogenic potential comparable to THA. Until large outcome studies demonstrate that the risk of PE is lower, patients undergoing HRA should receive similar thromboprophylaxis to other forms of THA.
